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ABSTRACT

Waste Leach Pond Sediments in support of the designated response action of the

The potential risks

Interagency Agreement (IAG) Action Plan (Rev. 7).

The

the present condition of the operable unit under institutional control.

risk assessment effort included a human health evaluation and an ecological

Liquid and sediment samples acquired from the pond during 1988 provided

The potential exposure pathways

which were then used in the risk assessment.

and toxic effects to both human and ecological receptors were evaluated.

The human health evaluation involved the determination of
noncarcinogenic and carcinogenic risks for a hypothetical receptor located at

control, the exposure scenario was defined as a current occupational scenario.

inhalation of soil-contaminated air and

.
.

Two exposure pathways were examined

noncarcinogenic and carcinogenic effects of site-related chemicals were below
the level of concern for the evaluated exposure pathway (inhalation}.

the accepted National Contingency Plan (NCP) target risk range of 10-4 to

The external exposure cancer risk, for all the analyzed exposure

10-6.

the calculated cancer risk for the external exposure hazard were Co-60 and

Cs-137.

The ecological assessment examined the acute and chronic effects on
flora and fauna exposed to chemicals and radionuclides at the TRA-Warm Waste

ingestion of water and

exposure assessment evaluated two exposure pathways:

ingestion of contaminated soil.

Evidence suggests that chemicals present at

iii



the TRA-Warm Waste Pond could be toxic to certain species of plants and
wildlife. The evaluation for radionuclides ﬁas Timited by the lack of
toxicity standards to compare to onsite values. 1In absence of such EFA
standards, the radionuclides concentrations were compared to a limit suggested
by the International Atomic Energy Agency.

A separate risk assessment calculation was performed to evaluate the
ingestion of soil for a future residential scenario. The results of this
evaluation are shown in Appendix I-C.
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INTERIM ACTION RISK ASSESSMENT FOR THE TEST REACTOR AREA (TRA)

WARM WASTE LEACH POND SEDIMENTS
(oU-2-10)-

1. INTRODUCTION

The purpose of this report is to provide an interim-action risk

assessment for the sediments associated with the Test Reactor Area (TRA) warm
h nand IHMD at+ + e Id t r

eacn pong (wwrj atv Ul ng LabDoratory {(4iNCL

bl
TRA. At the present
time, one-third of the surface area of, cell 52 is covered with liquid, cell
57 is tota11y covered with 1iquid, and cell 64 is comp]ete]y dry. The cell
4
1 1

determination of potential exposures and risks associated with the identified

a i
site-related contaminants. Because the operable unit is under actual
h TRA-WUWP was

-I-.._ nnnnn

24 a1 b ~
itucLionai LU"LIUI, Lie puLeh

rr

s u c

defined as an occupational scenario. The hypothetical receptor was assumed to
be located at the boundary of the operable unit and estimates of exposure were
used in the risk determination. Two exposu a e 1

inhalation of soil-contaminated air and external exposure (for radionuclides
only). Different exposure conditions were examined to include upper-bound
cases, average cases, and i
conducted to determine the health effects associat

contaminants. Noncarcinogenic and carcinogeni c toxicity values were

B L | e L

identified or derived to perform the risk assessment. Risks e qu
for the selected contaminants of concern (individually), for muiltiple
substances, and for multiple pathways (for radionuclides). Noncarcinogenic
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effects were evaluated based on the hazard quotient/index of toxicity,
relative to unity. Carcinogenic risks were evaluated and compared to the
accepted NCP target risk range of 10-4 to 10-6.
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2. LIQUID AND SEDIMENT CONTAMINANT CONCENTRATIONS

2

Hull' and Frazier et al

y were examined for pertinent
information. The desired information involved data from the 1988 remedial
response investigation for the WWP. Radionuclide media concentrations were

< ho

chemical concentrations were acquired from Rehak®.

e Bl Sy

F

$falban fram An
i

Reference 3 provided validation of radiological data for 26 sediment samples
and 4 water samples taken in and around the WWPs during 1988. Reference 4

3
nderson”; the

abulated an

detected at the WWP. At the tim

lysi anic and inorganic substances that were

1 a] . L L A

e of writing of Reference 4, the entire
process of chemical validation of the organic and inorganic data was still
pending completion.

The WWP consists of three cells (52, 57, and 64). Figure I-1 displays
the sampling locations in each cell for sediments that were acquired at 2-foot
intervals down to a depth of 10 feet, during the 1988 remedial response

a
vestigation study. In add1t1on, water samples were drawn at cells 52 and 57
1 of the s

wi I‘Ilh

ionuclides. The a

3
Y
g

.
4
i

w

this interim-action risk assessment was divided into twe parts--the sediment
and water samples. '

A potential hazard from the dry areas of cells 52 and 64 involves the
movement of wind-driven contaminated dust to the areas outside the WWP. Hence,

" ke Anvnmel‘ b i

+
a4 Oy watler

as that ar a
0-2 feet) sediment concentrations from the dry sediments.

y, the exposed (dry) cell-bottom-surface areas should be used to
L P, trati

averaging of potential airborne contaminants. In order to accomplish this,
samp]e concentrations at points 0, P, Q, and R in cell 52 were directly

comput
B’ F, G, H, I, and

F -
ol
=
(]
[¢+]
|
-}
[= 3
P
—y

a

was assumed that cel

dry. The areas exposed for cell 52 and
b

-
/

m £
i1

om dimensions of 46 m X 76 or ce
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and 76 m x 122 m for cell 64, as given in Reference 2. Assuming that two-

thirds of the bottom of cell 52 is exposed, and summing this with the area of

1 and 0.799 wer

64, surface area weighting facto

mean contaminant concentrations for cell 52 and cell 64, respectively. The

surface-weighted mean concentration was then computed for cells 52 and 64.
t 1

o Aaf wvadiamn

118 pracess was done for evaluated sediment concen ions of radion

e 52 was 2.2 ppm, but defaulted to O ppm
of these two values was 0.4 ppm. However, this is below the background 1imi
of 1.1 ppm. Hence, the weighted average for beryllium was fixed at 2.2 ppm.

The qualifiers that were chosen for evaluation of measurements in
References 3 and 4 must be noted. A1l qualified data (Q) and trend (7) data
from Reference 3 were incorporated for computing weighted-mean radionucl
sedxment concentrations. All the data accepted from Reference 4 ha
qua11f1ers attached, except for one case in which a datum with an

{indicates value determined by Method of Standar

2 e = ol
LONIuG | rue

d no
S

For both radionuclide and chemical measurements, contaminant backgrounds
from areas external to the TRA-WWP were not evaluated or subtracted for this
study. K-40 was deleted from the radionuclide 1ist since it was measured at
naturally occurring levels found in the basalts of the eastern Snake River
Piain. The contaminants, showing consistent "true positive" measured values
at a depth of 0-2 feet, were selected for this study and are shown in Table
1-1. Water samples displaying statistically "true positive" radionuclide
concentrations are shown in Table I-2. No water sampies were analyzed for
chemicals for this study.

Table I-1 displays exposed-area-weighted average sediment concentrations
for 19 radionuclides and 11 chemicals. The radionuclide concentrations are
shown in picocuries per gram (pCi/g) and in milligrams per kilogram (mg/kg).
The chemical concentrations are Tisted in parts per million (ppm), which is
equivalent to milligrams per kilogram (mg/kg).
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Table I-2 displays maximum water concentrations of 23 radionuclides for
water samples taken from cells 52 and 57. Many of these detected radionuclides
+

Tati Ty i i
}ne'a 1\lﬂll ‘!1" d :hd l\n'}lﬂ \.ﬂese“

T3

ol =
arc WIVED [] Q[ail M 1

replenishment by facilities at TRA. The majority of these maximum values are
from cell 52, which tends to preferentially retai

n short-lived nuclides before
they can reach mixing equilibrium with cell 57. For this risk assessment, it

will be assumed that the maximum measured concentrations represent a steady-
state environment to which human and ecological receptors may be exposed.

.
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3. MASS-LOADING AIRBORNE CONCENTRATIONS

The righthand cotumn of Table I-1 displays the mass-loading airborne
concentrations for the sediment radionuclide concentration and sediment
chemical concentrations. These numbers were derived by initially assuming
that the weighted-average sediment concentration for the radionuclides and the
chemicals is uniformly distributed throughout the surface sediments of cells
52 and 64. Measurements taken at TRA during 1989 show that particulate matter
concentrations in air averaged 15 ug/m’, with an uncertainty at 2 standard
deviations of 8 ug/m’.® This was for particles with a diameter less then or

equal to 10 micrometers. Incorporating a conservative approach, we have added
the uncertainty to the mean value to establish an airborne particulate matter
concentration of 23 ug/m’. For a Gaussian distribution, this value represents
a 98% confidence level of not being exceeded. If the airborne dust is assumed
to contain contaminants similar to the concentrations in the pond surface
sediment, then the product of the weighted-average concentration and 23 ug/m’

producéds the steady-state airborne concentration noted in the righthand

column. This value is assumed accessible for a receptor who is outside, but

LR B el L

near, the boundary of the warm waste pond.
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Table [-1. Warm waste pond 0-2 feet sediment concentrations sediment
Radionuclide concentrations

Weighted Average Mass Loading
Concentration Airborne
Half-Life ' Concentration
Nuclide (years) (pCi/g) (mg/kg) (pCi/m)

Cr-51 7.585E-02 9.65E+01 1.04E-09 2.22E-03
Co-60 5.271E+00C 4.61E+03 4.08E-06 1.06E-01
Sr-90 2.860E+01 5.73E+02 4.13E-06 1.32E-02
Ag-108m 1.270E+02 6.37E+01 2.45E-06 1.47E-03
Cs-134 2.062E+00 4.48E+01 3.47E-08 1.03E-03
s-137" 3.017E+01 1.15E+04 1.32£-04 2.64E-01
Eu-152 1.333£+01 1.07E+02 6.04E-07 2.45E-03
Eu-154 8.800£+00 4.92E+01 1.87E-07 1.13E-03
Eu-155 4.960E+00 9.67E+00 2.08E-08 2.22E-04
Th-228 1.913E+00 2.72E+01 3.32E-08 6.25E-04
Th-230 7.538E+04 1.42E+01 6.89E-04 3.27E-04
Th-232 1.450E+10 1.30E+00 1.22E+01 2.98E-05
U-232 6.890E+01 2.30E+01 1.03E-06 5.30E-04
U-234 2.450E+05 5.86E+00 9.40E-04 1.35E-04
U-238 4.468E+09 1.61E+00 4.78E+00 3.69E-05
Pu-238 8.774E+01 1.02E401 5.97E-07 2.35E-04
Pu-239 2.412E+04 1.91E+01 3.08E-04 4 _40E-04
Am-241 4.322E+02 8.19E+00 2.39E-0C6 1.88E-04
Cm-244 1.810E+01 6.75E400 8.34E-08 1.55E-04

o

. The Cs-137 activity is determined by the 661.6 keV gamma-ray of Ba-137m
{Half-life = 2.5313 minutes).
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Table I-1. Warm waste pond 0-2 feet sediment concentration (cont’d)

Sediment chemical concentrations

Weighted Average Mass Loading
Concentration Airborne

chemical (ppm) or (n9/ka) S
Arsenic ' 5.25E+00 1.21E-07
Be 2.20E+00 5.06E-08
Bis{)phth™ 1.49E+00 3.42E-08
cd 3.12E+00 7.17E-08
Cr 3.38E+02 7.77E-06
Cyanide 9.83E-01 2.26E-08
Hg 2.69E+00 6.19£-08
Pb 1.78E+01 4.09E-07
Ag ] 2.19E+00 5.04E-08
Suifide 2.77E+01 6.36E-07
Zinc 1.43E+02 3.29E-06

e
Bis({)phth=Bis{2-ethylhexyi)phthalate
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Table 1-2. Warm waste pond maximum water sample concentrations

for radionuclides

Nuclide Half-Life (years) Maximum
Concentration
(pCi/ml)

H-3 1.233E+01 1970
Cr-51 7.585E-02 2.26E+01
Mn-54 8.556E-01 1.63E-01
Co-58 1.942E-01 6.32E-01
Co-60 5.271E+00 4.26E+00
In-65 6.678E-01 2.25E-01
Sr-90 2.860E+01 1.56E+00
Zr-95 1.753E-01 3.73E-02
Nb-95 9.574E-02 3.46E-02
Sb-124 1.648E-01 1.75E-01
Sb-125 2.730E+00 4.30E-02
1-131 2.200E-02 1.22E-01
Cs-134 2.062E+00 5.23E-02
Cs-137" 3.017E+01 1.56E+00
Ba-140 3.490E-02 1.13E-01
La-140 4.594E-02 6.72E+00
Hf-181 1.161E-01 2.86E-01
Hg-203 1.276E-01 5.86E-02
U-232 6.890E+01 2.30E-04
V-234 2.450E+05 2.68E-03
U-238 4.468E+09 5.60E-04
Pu-239 2.412E+04 5.40E-04
Am-241 4.322E+02 1.28E-03

i
The Cs-137 activity is determined by the 661.6 keV gamma-ray of Ba-137m

(Half-life = 2.5513 minutes).
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4. EXPOSURE ASSESSMENT

1 Exposure Scenarios and Parameters

The hypothetical exposure scenario selected for the interim-action
avaluation of the TRA Warm Waste Pond is a current occupational scenario.

The occupational scenario is defined as a hypothetical worker (receptor) who
can be potentially exposed to soil contaminants through inhalation and
This selection was based on the actual institutional

external exposure

L S A -

control at the INEL. This scenario represents a reasonable maximum exposure,
based on the actual conditions and restricted access to the operablie unit.

The exposure assessment examined the potential exposure to contaminants

present at the operable unit, based on available sampling data. Two exposure
w ined: inhalation of sonil-contaminated air and direct

nathwave
Fu\lll"uJ L

exposure. These pathways were considered to be the most reasonable potential
exposutes for an occupational scenario, based on the actual conditions of TRA-

LD The potontial ex

ARl . lll‘-o n LT | \.I\p 1 - H ¥ - .........

’l LA™
boundary of the operable unit.

aya ayam
re exdl

guidance®. Values for exposure parameters used in the ca]cu]at1 of intakes
were derived from EPA Region 10 guidance’ or were selected based on reasonable

ire conditions were examined

ke

exposure, including upper-bound
cases, average cases, and other selected time periods. The different exposure
cases and corresponding exposure parameters are shown in Table I-3. The

purpose of considering variations in exposure conditions was to be able to
compare the effect of exposure parameters on the intake of the individual.
+

g of risks from the

:
_..:

worst-case scenarios (i.e., 40 hrs/wk, 40 years exposure) to more realistic
conditions {i.e., 5 hrs/wk, 1 yr exposure).
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21-1

Table I-3. Exposure parameters for occupational scenarios used in the TRA-WWP Risk Assessment

Aeapy

Scenario

EPA-Region 10, upper-bound
EFA-Region 10, average
Adjusted, upper-bound®
Adjusted, average®

40 hrs/wk, 50 wk/yr, 40 yrs
5 hrs/wk, 50 wk/yr, 40 yrs
40 hrs/wk, 50 wk/yr, 10 yrs
5 hrs/wk, 50 wk/yr, 10 yrs
40 hrs/wk, 50 wk/yr, 1 yr

5 hrs/wk, 50 wk/yr, 1 yr

a. AdJusted scenario based on inhalation rate of 20 nl/d instead of EPA Region-10 values.

Iinhalation Body

Rate
(n'/d)
79

3
20
20
20
20
20
20
20
20

Exposure
Weight Frequency
(kq} %Exposure (d/yr)
70 40 365
70 25 365
70 40 365
70 25 365
70 100 83.3
70 100 10.4
70 100 83.3
70 100 10.4
70 100 83.3
70 100 10.4

20 m/d is the average individual inhalation rate recommended by EPA.

Exposure
Duration
{yr)

40

10

40

10

40

40

10

10

1

1

Averaging
Time

)

27375

27375
27375
27375
27375
27375
27375
27375
27375
27375




4.2 Calculation of Contaminant Intake

of chemicals. These intakes were then compared to toxicity values to
determine risks associated with exposure to the evaluated chemicals.

Contaminant-specific intakes were calculated in the exposure assessment

The methodology for calculating chemical intakes followed EPA risk

assessment guidance (see Reference 6). The calculation of intakes is used to
avaluate the maanitude of exposure to potential contaminants. The equation

used in the determination of inhalation intake is shown below:

-\
by
L -

J = Cx IR x %F x EF x FD

- L

o . e e T e

I = intake of the contaminant (mg/kg/d)
C! = concentration of the contaminant in air (mg/m’)
T

%E = % exposure
EF = exposure frequency (d/yr)

BW = body weight (kg)
AT = averaging time (d)

The air concentration values (mg/m’} used in the calculation of intakes
were obtained from available sampling data, as explained in the previous

tion {See Tahla T-1) Tha avevaginag time uyced in the above calculation is

- ‘-lo Tl WMy wl H:Illg FE Nl e el in WEIN e I -

based on the lTifetime of an individual {75 years) (see Reference 7).

The methodology used in the evaluation of radionuclides involves the
comparison between the concentration in the media and the pathway-specific
unit risk of the radionuclide. The estimation of intakes is not required in

i t

conditions. The derivation of unit risk factors wil
following section. Air concentration values used in the evaluation of
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inhalation exposure were obtained from available sampling data {see Table

I-1).

Soil concentration values for the evaluation of external exposure were

For external exposure of radionuclides, the exposure assessment was

In addition to a fence, there

previously, access to the site is restricted.

The radiation

are radiation barriers currently surrounding the TRA-WWP.

The radiation dose limit of 5 mrem/hr was used for

the calculation of radiation dose and risk in the evaluation of external

control limits of 5 mR/hr.
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5. TOXICITY ASSESSMENT

A toxicity assessment was conducted to identify the potential
noncarcinogenic and carcinogenic effects of contaminants present at the TRA-

WWP. Two primary sources were used in the determination of toxicity values:
Integrated Risk Information System fIRIS}3 and Health Effects Assessment

Summary Tables (HEAST)”.
5.1 Chemicals

The Tist of identified contaminants was examined and reference doses
(RfDs) were determined for the evaluation of noncarcinegenic effects. The
c

ontaminants evaluated for noncarcinogenic effects were: arsenic, beryllium,

PR g e s ) -

bis(2-ethylhexyl)phthalate, cadmium, chromium-III, cyanide, mercury, lead,
silver, and zinc. Established inhalation reference doses were available for

only one contaminant {mercury) Toxicity values were then estimated for the

gy oW vunvvuu-- LI A LR - - LEe =

remaining contaminants using available toxicity information from the Agency
for Tokic Substances and Disease Registry (ASTDR) toxicological profiles'®™’

raluas from the American Confarence of Governmental

H " 1 ¥ - LB Wi

Industrial Hygienists (ACGIH)'®. Sulfide was not examined because of a lack
of tox1c1ty data. Values used in the derivation of inhalation reference doses

ondix T.A Tahla 1-4 licte the inhalation reference dosges

& e AW e & " L -3

e
d

used in the risk evaluation of noncarcinogenic effects. Table I-5 summarizes
the major noncarcinocgenic health effects for the evaluated contaminants.

Carcinogenic toxicity values were used in the evaluation of carcinogenic
effects. Slope factors (SFs) were obtained from IRIS or HEAST. Four

rhomirale wown nu:'lnni'nrl fFrw r:hr--lnnnnn-lr- affa
wilLilllI w1l J i1 1 il AL 7] L™ B )

bis(Z-ethylhexyl)phthalate, and cadmium. This selection was based on
available evidence of carcinogenic properties and carcinogenic toxicity

umans). Beryllium and bi
Group B2 carcinogens (probable human carcinogen; sufficient evidence in
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Table [-4. Chronic inhalation reference doses (RfDs) used in the
evaluation of noncarcinogenic effects of chemicals

Chemical Inhalation Reference Dose (RfD)
(mg/kg/d)
Arsenic 1.0E-05
Beryiiium 6.0E-06
Bis(2-ethylhexyl)phthalate | 6.0E-03
Cadmium 2.0E-05
Chromium-T11 ' 6.0E-04
Cyanide ' 6.0E-03
Mercgry 9.0E-05
Lead 9.0E-06
Silver | 1.0E-04
Zinc - 6.0E-04
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Table I-5. Summary of inhalation health effects of evaluated noncarcinogens
Chemical Noncarcinogenic Inhalation Heaith Effects (see
References 10-17, 19)
Arsenic Irritation of the skin and mucous membranes,
(dermatitis, conjunctivitis, pharyngitis, rhinitis)
Beryllium Lung tdxicity, pneumonitis and beryllosis

Bis{2-ethylhexyl)
phthalate

Cadmium

Chromium-I1I1I

Lead

Silver

Zinc

Hepatotoxicity, reproductive toxicity (animal studies}

Irritation of the lung, emphysema (long-term exposure),

kidney injury

Irritation of the skin and respiratory tract,
developmental and reproductive toxicity (animai studies)
CNS toxicity, cardiac and respiratory effects

nnnnnnnnnnnnnnnn

3 Adma anAd PMC (Trae TawalTel. resnit 2wt e
RIUNTY Qild Wit \TUWTICYECID ), TESPITALY IJ, bGIUIUVGDLUIGI
an gastrointestinal (high-levels)

Hematological effects, developmental toxicity

Respiratory irritation, gastrointestinal effects, skin
irritation (dust)

Respiratory effects {impairment of puimonary function,
irritation)
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Table I-6. Inhalation slope factors {SFs) used in the evaluation of
carcinogenic effects of chemicals

Chemical Inhalation Slope EPA
Factor (SF) Classification®
RS
(mg/kg/d)
Arsenic 5.0E+01 A
Beryilium 8.4E+00 B2
Bis{2-ethylhexyl)phthalate 1.4E-02° B2
Cadmium 6.1E+00 Bl
a. EPA Classification: A = human carcinogen {sufficient evidence in humans)
B1 = probable human carcinogen (limited evidence in humans}
B2 = probabie human carcinogen (sufficient evidence in animals with inadequate

or lack of evidence in humans)
b. Slope factor for bis(2-ethylhexyl)phthatate is for ingestion (oral).
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animals). The oral slope factor was used in the evaluation of
bis{2-ethylhexyl)phthalate because there was no available inhalation toxicity

value for the chemical. 1Inhalation slope factors are shown in Table I-6.

i e ' H e B tdurt o

5.2 Radionuclides

Radionuclides are classified as Group A human carcinogens. Nineteen
radionuclides were identified as contaminants present at the TRA-WWP. Sixteen

salyated for carcinogenic effects for both inhalation and

¥ia 4 wmie s H [ TR I

radionuclides were
external exposure. This selection included the contaminants present at the
highest concentrations and those with available toxicity values. The SFs

inha

{D

ti nd external exposure) for the selected radionuclides are

[ ] [ 24 i -~ - L TR PR

values

shown in Table I-7. Table I-8 shows a summary of carcinogenic effects for the
evaluated carcinogens (chemicals and radionuclides).
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The slope factors of radionuclides were used to calculate pathway-
specific unit risk values. Unit risk (UR) values were used in the evaluation

1es were derived u

Thaca val

L3 v

specific exposure parameters for the different exposure scenarios. The
following equation was used to derive the inhalation unit risk (see Reference

ay .

J’.
UR = SF x IR x %E x EF x ED (2)
where

UR = unit risk for inhalation (pCi/m’)~*

SF = slope factor for inhalation (risk per pCi inhaled)

IR = inhalation rate (m’/d)

%t = % exposure

EF = exposure frequency {d/yr)

ED = exposure duration (yr)

For the derivation of external exposure unit risk, the following

equation was used (see Reference 9):
UR = SF x Soil Depth x Soil Density x ED x %E {3)



Table I-7.

Inhalation and external exposure slope factors (SFs) used in the

evaluation of carcinogenic effects of radionuclides

Radionuclide

Inhatation SF

External Exposure SF

(pCi)™ (yr/(pCi/m’))
Cr-51 3.0E-13 1.9E-12
Co-60 1.6E-10 1.3E-10
Sr-90 5.6E-11 0.0E+00
Cs-134 2.8E-11 8.9E-11
Cs-137 1.9¢-11 3.4E-11°
Eu-152 1.2E-8 6.3€-11
Eu-154 1.4E-10 6.8E-11
Th-22% 7.7E-08 1.6E-13
Th-230 3.1E-08 5.9E-14
Th-232 3.1E-08 4.6E-14
U-234 2.7E-08 5.7€-14
U-238 2 .4E-08 4.6E-14
Pu-238 4.2€-08 6.1E-14
Pu-239 4.1E-08 2.6E-14
Am-241 4.0E-08 1.6E-12
Cm-244 2.7E-08 5.8E-14

a. The external exposure slope factor for Cs-137 i

137 is due to the

2.5% minutes).

photon

15
- f o aamE aal e - VP
1 radiation emitted by 8a-137
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based on Ba-137m. The external exposure risk from Cs-
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Table I-8. Summary of carcinogenic effects of evaluated carcinogens

Chemical

— Il .~ F "~ e Q
farget Organ/Type of Cancer
Inhalation

Arsenic
Beryllium

Bis(2-ethylhexyl)phthalate

Cadmium

Radionuclides

A1l radionuclides

¢

Respiratory tract
Lung

Not available for inha]afion;
Liver (oral)

Respiratory tract

Target Organ/Type of Cancer®

Inhalation/External Exposure

Radiation-induced cancers in whole-
body organs/tissues (i.e. gonads,
breast, lung, red marrow, thyroid,
bone marrow, etc.)
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where
-1

UR = uynit risk for external exposure (pCi/g}
SF = slope factor for external exposure
(risk per year per pCi/m’)
Soil Depth = 0.1 m
Soil Density = 1.8 E+6 g/m’ (specific for TRA, see Reference 1)
%E = % exposure
ED = exposure duration {yr)}

In the evaluation of external exposure, radiation doses (mrem/hr) were

calculated for each radionuclide using the available soil sampiing data from

TRA-WWP {see Table I-1). The following equation was used:
i) = C x (1,£i/1E+6 pCi) x Soil depth x Soil Density x DCF  (4)
where

D? = radiation dose {mrem/yr)

¢ = Concentration of contaminant in the soil (pCi/gj

Soil depth = 0.1 m

Soil density = 1.8 E+6 g/m’ (specific for TRA)

DCF = dose conversion factor for external exposure

(effective dose, (mrem/yr)/(uCi/m’))

The dose was then converted to mrem/hr for each of the exposure
scenarios.

Based on the calculated total external radiation dose from the pond
sediments (for an individual standing on the contaminated source), the major
contributors were Co—60, Cs-137 (Ba-137m), Eu-152, Cs-134, and Eu-154. The
ratio of radionuclide dose to total dose was then used to estimate the

contribution of each radionuclide to

the radiation dose of 5 mrem/hr {based on

a radiation field of 5 mR/hr) at the enclosed radiation area around the pond,

which represenis the

Jocation of the [JOL ent

mer ] mded o
Liialiun

T

approach was used to estimate the external-exposure cancer risk from the

radiation field at the TRA-WWP boundary.

Soil concentrations for each
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radionuclide, corresponding to a total radiation dose of 5 mrem/hr, were
estimated and then used in the cancer risk evaluation for external exposure.
Estimated soil concentrations for the evaluated radionuclides and their

corresponding dose conversion factors (DCFS)?0 are shown in Table I[-9.
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Table 1-8. Dose conversion factors and estimated soii concentrations
of radionuclides evaluated for external exposure

Radionuclide External Exposure DCF Estimated Soil
(mrem/yr)/pCi/mz) Concentration
(pCi/G)
Co-60 2.27E+02 6.32E+02
(s-134 i.58e+02 6.15E+00
Cs-137 6.11E+01° 1.58E+03
Eu-152 1,11E+02 1,47£401
Eu-154 1.21E+02 6.75E+00

a. The external exposure DCF for €s-137 is based on Ba-137m. The external exposure risk from Cs-137 is due
to the photon radiation emitted by Ba-137m, its immediate short-lived decay product (half-live = 2.55

minutes).
¢
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6. RISK CHARACTERIZATION

The risk characterization involved the evaluation of potential
noncarcinogenic and carcinegenic effects at the TRA-WWP. The outputs from the
exposure assessment and toxicity assessment were combined to determine the
risk associated with contaminants at the TRA-WWP.

The potential for noncarcinogenic toxicity was evaluated by comparing
the exposure level (intake) of the contaminant with the inhalation reference
dose. This ratio is defined as a hazard quotient, as shown below:

e = I | (5)
RfD
where
H& = hazard quotient, unitiess
I = intake of the contaminant (mg/kg/d)

RfD = reference dose (mg/kg/d)

effects, because the intake is exceeding the reference dose. If the H{ is
less than 1, the contaminant concentration is below the threshold of potential
noncarcinogenic effects and no adverse effects are expected from exposure to

If the HQ exceeds 1, there may be concern for potential noncancer

the contaminant.

To assess the overall potential for noncarcinogenic effects, a hazard

index was calculated. The hazard index is equal to the sum of the hazard
quotients, as follows:

HI = I, (6)

)
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HI = hazard index, unitless

I = intake for the 7th contaminant (mg/kg/d)

RfD, = RfD for the ith contaminant (mg/kg/d)

When the HI exceeds 1, there may be concern for potential adverse health
effects (other than cancer) based on the aggregate risks from multiple

substances.

The potential for carcinogenic effects at the TRA-WWP was evaluated by

calculating the cancer risk for both chemicals and radionuclides. For
3 i1i4+u nf

carcinogens, risks a

individual developing cancer over a

potential carc1nogen. The following equation was used to estimate cancer risk
L R

re estim ot an

e
ifetime, as a result of exposure to the

from chemicais:
R < IxSF o (7)
where

R = cancer risk, expressed as a unitiess probability

I = intake of the contaminant (mg/kg/d)

SF = slope factor (mg/kg/d)™

For radionuclides, cancer risks were caicu
concentration of the radionuclide in the medium o
the appropriate unit risk value, as follows:

R = C x UR (8)

R = cancer risk, expressed as a unitless probability
C = concentration of the radionuclide in

air {pCi/m’) or soil (pCi/g)

pathway-specific unit risk for:

inhalation {pCi/m®)™*

external exposure {pCi/g)™*

UR
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The approach used in the above egquations assumes a linear dose-response
relationship, where the slope factor or unit risk is a constant and the risk
is directly related to the intake or concentration of the contaminant. The
above linear equation was used when intakes and risk levels were low. When
intakes were high (i.e., risk above 0.01), the following relationships were

used instead:

For chemicals:
R = 1 - exp (-1 x SF) (9)

For radionuclides: h
R = 1 - exp (-C x UR) (10)

where
R = cancer risk, expressed

a
I = idintake of the chemical (mg/kg/d)
SF = slope factor (mg/kg/d)™*

s a unitless probability

C = concentration of the radionuclide in
air (pCi/m’) or soil (pCi/g)

UR = pathway-specific unit risk of the radionuclide
for inhalation lnr1/m \1 or external exposure
(pCi/g)™"

Ta

ssass the overall potential for carcinagenic effects fr
to multiple carcinogens (chemicals or radionuclides), the following equation

fu

is used:
R, - X, (11)
where

R, = total cancer k, unitless probability

't

ris
= risk for the 7th contaminant

I\i
(chemical or radionuclide)
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The above equation represents an approximation of the precise equation
The simple additive equation was used when cancer risks were Tow
For high-risk contaminants (i.e., two contaminants Rl and

for combining risks, which accounts for the joint probabilities of the same

carcinogens.
(less than 0.1}.

(12)

R, +R, - (R X R,)

+1

[-28

total cancer risk, unitless probability

Carcinogenic risks were also calculated for multiple pathways, in the

added to obtain total cancer risk for both exposure pathways.

where



7. RESULTS OF HUMAN HEALTH RISK ASSESSMENT

The individual calculations and results of the risk characterization are
shown in Appendix B. As explained earlier, different exposure conditions were
evaluated, so as to examine the worst-case, as well as more realistic,
scenarios (see Table I-3).

The evaluation of noncarcinogenic effects showed that all HGs were less
than one for individual chemicals . The HI was also less than one, which
indicates that no adverse health effects (noncarcinogenic effects) are
expected from the evaluated contaminants. A graphic presentation of
noncarcinogenic results {for all exposure conditions) is shown in Figure I-2.

Carcinogenic risks for the inhalation pathway were found to be in the
range of 2.9 E-10 to 6.4 E-7 for chemicals and 3.2 E-8 to 7.2 E-5 for
radionuclides. The high end of the range represents the upper-bound exposure
conditions based on EPA Region 10 exposure parameters. The NCP target risk
range is between 10-6 and 10-4, which means that the target risk range was not
exceeded for the inhalation of chemicals or radionuclides. Figure I-3 and
Figure I-4 show the carcinogenic risk results for the inhalation pathway for
chemicals and radionuclides, respectively.

Carcinogenic risks for the external exposure pathway for radionuclides
were found to be above the recommended target risk range, with values between

7.4 £-4 and 3.3 E-1. External expasure results are shown in Figure I-5.

Total cancer risk was also calculated for both exposure pathways (for
radionuclides) and was in the range of 7.4 E-4 to 3.3 E-1 (see Figure I-6).
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Figure 1-2. Hazard index results for noncarcinogenic effects of chemicals at the TRA Warm Waste Pond.
(see Table I-3 for exposure scenarios)
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Figure I-3. Cancer risk results for inhalation of chemicals at the TRA Warm Waste Pond.
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TRA WARM WASTE POND
INHALATION OF RADIONUCLIDES
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Figure |-4. Cancer risk results for inhalation of radionuclides at the TRA Warm Waste Pond.
(see Table I-3 for exposure scenarios)
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Figure I-5. Cancer risk results for external exposure to radionuclides at the TRA Warm Waste Pond.
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Figure I-6. Cancer risk results for total exposure to radionuclides at the TRAWarm Waste Pond
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8. DISCUSSION OF UNCERTAINTIES

The performed risk evaluation described the potential risk associated
with identified contaminants at the TRA-WWP. Although the presented results
are accurate for the evaluated concentrations of contaminants at TRA-WWP, it

is also important to realize that the risk values carry some uncertainties

inherent in the risk assessment process. The calculated values for hazard

n
index and cancer risk represent estimates of potential effects and do not
t characterization of absolute risks at the TRA-WWP. The risk

measures are conditional estimates, dependent on a considerable number of
assumptions about exposure and toxicity.

Several factors that should be taken into consideration when evaluating
the risk results are the uncertainties involved in identifying and

assumptions, toxicity values,
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u inties associated with identifving contaminants at
the TRA-WWP. The evaluation of site contaminanis was based on 1988 sampling
data and does not represent the actual condition of the TRA-WWP. In regard to
ervative assumptions were included in the
mass-Toading approach, which can overestimate the exposure to the retéptor.
ing air concentrations represent an upper-bound (98% confidence
r

sure, assuming that the airborne dust

sediment.

Uncertainties related to the exposure assessment include the selection
of exposure conditions and exposure factors that describe the receptor

........ at TRA.LLD
scenario at TRA-WWP As obs

dependent on the selection of exposure parameters (see Table I-3), which will
determine the extent of risk to the receptor. Due to the uncertainties

A 3 +
. As observed in the results,

(]

stimates of intake are

mamd -l v £ + b g 1 1
ection of exposure factors, this evaluation included

several exposure conditions, from the EPA Region 10 upper-bound case to a more
realistic one-year exposure. The Region 10 upper-bound scenario represents
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the reasonable maximum exposure suggested by EPA Region 10. We do not
anticipate that potential exposures and risks will exceed the resulting values

-bound case. In all cases, the risks are dependent on the

L] - S L3 -

likelihood of access to the contaminated area and the period of exposure.
Another exposure assessment uncertainty is the assumption that the exposure

tions will remain constant throughout the period of exposure. This

D
S
IJ'

assumption will cause an overestimation of risks because depletion of source
contaminants is not considered. The steady-state source assumption represents

e contributions from radicactive
decay products were not considered in the exposure assessment of
radionuclides.

There are also some uncertainties related to the toxicity assessment and
risk characterization. Uncertainties related to the toxicity values used in

the characterization of noncarcinogenic and carcinogenic risks can include:
high-dose to Tow-dose extrapolation of adverse effects, extrapolation from
animal ‘studies, short-term to Tong-term exposure, and differences in

population sensitiviti
(reference doses or slope factors) are estimates with uncertainties spanning

perhaps an order of magnitude or greater. One of the defined uncertainties in.

Sl TOA _LILID $em pama
LiiE IRA-WWF EVGIUGLIUI wads

contaminants and the use of estimated values in the determination of"

d
dose, such as to account for differences in human sensitivities {
uncertainties related to NOAEL (No Adverse Effect Level) or LOAEL
Effect Level) values (MF = 10). The use of conservative assumpti c

generate overestimates of risks, but due to the uncertainties involved in this
process, it was considered necessary to include these factors in the

estimation of reference doses.

For the evaluation of carcinogenic effects, all toxicity values used in

the risk characterization have been verified by EPA. Evidence of
carcinogenicity for the evaluated carcinogens was high (EPA classification:
A, Bl, or B2). Some uncertainty was identified in the use of an ingestion

¢ - J. [ PR

slope factor in the evaluation of bis-(2-ethylhexyl)phthal Neverthe
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the contaminant was included in the risk assessment as a conservative measure,
based on its classification as a probable carcinogen. In respect to the
radionuclides evaluation, there is a high confidence in the available toxicity
data regarding their carcinogenic properties, because cancer risk values for
radionuclides are based on human epidemiological data. Still, there is always
some uncertainty related to calculated values because of extrapolation to low

doses from high-dose data.

Other concerns in the risk characterization are uncertainties associated
with summing risks or hazard indices. The assumption of dose additivity
ignores possible synergism or antagonism among substances. In spite of that
motion, EPA suggests we should assume that risks are additive, recognizing
that the necessary data to assess these interactions are rarely available and
this approach will prevent the underestimation of risks at the site.
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9. CONCLUSIONS

threat in terms of noncarcinogenic effects based on the evalu ted exposure
pathway (inhalation). Carcinogenic effects (for inhalation) for the evaluated

chemical carcinogens were a] so below the level of concern, based on the NCP

The risk results indicate that the chemicals do not pose a human health

risks are within the NCP target range of acceptable cancer risks. When the
upper-bound case is considered, the risk approaches 10-4. As stated before,

i
ro some uncartaintiag associ ted with i'hn ectimation of l"“l‘:!(_s:i and t,hl_!

upper-bound case represents a very conservative scenario that might not be
realistic based on the limited access to the TRA-WWP.

The risk results from the evaluation of external exposure to
radiondclides indicate that there is a carcinogenic health concern from
0

ant at TRA-WWP, The cancer ris

L

~ + o
contaminants p

exceeded the acceptable NCP range for all exposure conditions. The external
exposure calculation was based on the actual radiation dose 1limit of 5 mrem/hr
rea. It is im
Timit exceeds the EPA or NCP target range, based
on risk assessment calculations. Although there are some uncertainties

1
associated with risk estimation procedures, the results demonstrate a
potential cancer risk problem as a result of external exposure to

radionuclides.
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